Abstract-Centrifugal elutriation, a method combining centripetal liquid flow with centrifugal force, has been used to isolate symbiotic dinoflagellates from a cnidarian host. The elutriated cells were shown to be viable by photosynthetic incorporation of 14C0, and low release of photosynthetic products into the incubation medium. The level of contamination by clinging debris was low and by host solids was negligible.
The establishment and maintenance of the mutually beneficial symbiotic associations between dinoflagellates and marine invertebrates involves complex cellular and molecular interactions (Trench 198 1) . One characteristic of the symbioses is the translocation of compounds from symbiont to host (Smith 1979) . The dinoflagellates in the shallow-water Hawaiian reef corals Pocillopora damicornis and Fungia scutaria may supply 60-70% of the daily respiratory carbon demand of their respective animal hosts (Muscatine et al. 198 1) . Symbiotic algal photosynthesis contributes significantly to world ocean productivity and has been estimated at 4.6 X lo8 t of carbon per annum (Muscatine 1980) . The translocation of fixed carbon from endosymbionts to host tissue is estimated from the rates of release of compounds obtained photosynthetically from 14C02 by isolated dinoflagellates in the presence of host homogenate (Muscatine 1967; Muscatine et al. 1972, 198 1; Trench 1971) .
Translocation from symbiont to host is controlled by the host, and the presence of host release factors has been implicated (Muscatine 1967; Muscatine et al. 1972; Trench 1971 ). Identification of their molecular nature depends on an assay involving the release of fixed 14C from symbiotic dinoflagellates and requires the isolation of viable dinoflagellates.
Contaminating secreted material from the host tissues can interfere with the assay procedure, in parl This work was supported by a Marine Sciences and Technologies Grant to R.J.Q. titular resulting in higher release from the dinoflagellates in the control experiment in which these algae are incubated in seawater. A method for isolating symbiotic dinoflagellates ("zooxanthellae") utilizing density gradient ultracentrifugation, reported to overcome problems caused by the large amounts of mucus secreted by the host tissues (Tytler and Spencer Davies 1983) , was found superior to the conventional method of multiple resuspension and centrifuging (McLaughlin and Zahl 1957; Muscatine 1967) for isolating endosymbionts from the sea anemone Anemonia sulcata. We have investigated still another method for the isolation of symbiotic dinoflagellates, using centrifugal elutriation, and applied it to the anemone Stichodactyla = Stoichactis haddoni and its endosymbiont Symbiodinium sp. (Blank and Trench 1985) . The viability of the dinoflagellates was determined by measuring photosynthetic incorporation of 14C02 and the percentage of the resultant fixed carbon released by the dinoflagellates. Dinoflagellates obtained by elutriation were compared directly with those obtained by triple centrifuging and washing. The effect of allowing the homogenized sample of dinoflagellates and host to stand for 60 min before isolation was also investigated.
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Stichodactyla haddoni was collected at
Cleveland Point, in Moreton Bay, Queensland, Australia. A piece of the anemone's oral disc weighing 8.8 g (fresh) was homogenized for 1 min in 50 ml of seawater in a Waring Blendor. Large debris was removed by straining through gauze. The brown slurry, divided into four equal volumes, was subjected to the following four treatments: elutriation immediately after homogenizing; triple centrifuging immediately; elutriation 1 h after homogenizing; and triple centrifuging 1 h after homogenizing.
For centrifugal elutriation, the crude homogenate was flowed into the narrow cen-Notes TIME (minutes) trifugal end of the chamber of a Beckman JE-6B elutriation rotor with the rotor spinning. Once the homogenate was introduced, filtered seawater (filter pore size, 10 pm) was used as the liquid flowing in the centripetal direction; the tendency of the particles to sediment in the centrifugal field was thus offset by the flow of liquid in the centripetal direction. Intact dinoflagellates were washed (elutriated) out of the rotor between flow rates of 30.5 and 46.6 ml min-' at a rotor speed of 2,180 x-pm. This fraction was then centrifuged at 500 g for 1 min to obtain an algal pellet.
The alternative isolation involved multiple resuspension and centrifuging. The crude homogenate was centrifuged at 500 g for 1 min, the supernatant poured off, and the algal pellet washed three times by resuspension and centrifuging.
A light micrograph with Evan's blue stain was prepared for each treatment. Then, using the method of Gaff and Okong'o-Ogola (197 l), we counted unstained cells (live), stained cells (dead), cells (live) contaminated with clinging debris, and host solids. From each treatment we suspended 5.6 x lo6 cells in 4 ml of filtered seawater and incubated them on an orbital shaker under GroLux lights (120 PEinst m-2 s-l) at 25°C for 90 min. The total time from blender to incubation was the same in all treatments. Each suspension was labeled with NaH14C03 to an activity of 5 PCi ml-l and then sampled every 30 min. The assay was run in triplicate; 50-~1 subsamples were taken, filtered through 0.8-pm Sartorius filters, acidified, and warmed (60°C) to drive off unfixed 14C0,. Radioactivity was measured by liquid scintillation counting and aqueous counting scintillant (Amersham).
All four treatments gave viable populations, indicated by the increasing amounts of 14C fixed in light over time (Fig. 1) and the low (< 10%) proportions of fixed 14C released by the algae (Fig. 2) . Dinoflagellates isolated by elutriation immediately after homogenizing fixed more 14C than those subjected to triple centrifuging. Dinoflagellates left in contact with host homogenate for 1 h before separation fixed less 14C than those isolated immediately; the separation technique used after the l-h delay made no difference to the fixation rate (Fig. 1) . Leakage of fixed 14C was significantly lower (P < 0.05) in algae isolated immediately by elutriation than by the other three treatments, where release may be due to cell lysis or the stimulus of host release factors (Fig. 2) .
Host solids such as cnidom components and crystalline bodies were negligible when elutriation was used immediately to isolate dinoflagellates (Fig. 3) . Elutriation resulted in a higher percentage of live cells than centrifugation, and fewer cells that were either contaminated with adhering animal tissue or dead. repeated centrifuging and washing; this creased for both methods after a l-h delay in separation. After the algae had been in would contribute to the greater algal viacontact with host homogenate for 1 h, elubility evidenced by more live cells and a triation was less efficient at removing conhigher rate of photosynthesis. Contact with taminants clinging to the cells, and the cen-the potentially antagonistic host homogetrifuging method removed fewer host solids nate for an hour before separation cancels than immediate centrifuging. Discharged this benefit of elutriation. cnidae sedimented faster than undischarged Elutriation allows more accurate seleccomponents; after a standing time of 1 h tion of the size fraction corresponding to more cnidae may have discharged, resulting healthy dinoflagellates. The higher proporin the higher incidence of host solids. tion of functioning algae would improve the Symbiotic dinoflagellates are contained performance of the extracted population.
trodermal cells of the sea anemone Aiptasia pallida (Glider et al. 1980 ). This intracellular location, which places the symbiont in intimate contact with host cell processes, should allow the host cells to control the alga's metabolic and reproductive processes and is also involved in the mechanism by which the algal symbiont avoids being expelled from or destroyed by the host because it is recognized as a foreign body by the host gastrodermal cells (Glider et al. 1980) . When the animal tissue is homogenized, the previously protected intracellular cells are suddenly bathed in host cell fluid and seawater. The continuous flow of seawater in the elutriation system may wash away harmful chemical compounds more effectively than within vacuoles in the host tentacle gasprevent deleterious effects of host solids on the endosymbionts. We saw algae impaled on spearlike crystalline bodies, and extracted algae may be damaged by discharging spirocysts and other cnidom components.
The reduction of contamination may also
Elutriation has the further advantages that all washing and separating occurs in a single operation and whole animals can be used without impediment, so that dissection of tentacles is unnecessary.
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